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24th Mar 20211st Editorial Decision

24th Mar 2021 

Dear Dr. Bourhy, 

Thank you for the submission of your manuscript  to EMBO Molecular Medicine. We have now
received feedback from the three reviewers who agreed to evaluate your manuscript . As you will
see from the reports below, the referees acknowledge the interest  of the study but also raise
important crit icism that should be addressed in a major revision. 

Further considerat ion of the revision that addresses reviewers' concerns in full will entail a second
round of review. EMBO Molecular Medicine encourages a single round of revision only and therefore,
acceptance or reject ion of the manuscript  will depend on the completeness of your responses
included in the next, final version of the manuscript . For this reason, and to save you from any
frustrat ions in the end, I would strongly advise against  returning an incomplete revision. 

We would welcome the submission of a revised version within three months for further
considerat ion. However, we realize that the current situat ion is except ional on the account of the
COVID-19/SARS-CoV-2 pandemic. Please let  us know if you require longer to complete the revision.

I look forward to receiving your revised manuscript . 

Yours sincerely, 

Zeljko Durdevic 

***** Reviewer's comments ***** 

Referee #1 (Remarks for Author): 

EMM-2021-14122 

This review is by Carlos Chaccour. ISGlobal - Barcelona Inst itute for Global Health. It  is my usual
pract ice to conduct unblinded reviews. 

This is the report  of study evaluat ing the clinical and immune effects of ivermect in on SARS-CoV-2
infect ion in golden hamsters. This is very t imely work given an ongoing evaluat ion of ivermect in as a
potent ial therapeut ic for COVID-19 by the GHO Clinical Guideline Commit tee. 



The experimental design of Dias de Melo et  al. is very elegant and immunological evaluat ion is very
thorough. The manuscript  is well writ ten, the methods are appropriate and the results support  the
conclusion. 

I do have some technical comments worthy of discussion. 

1. Adipose t issue, sex and ivermect in´s PK 
The authors have found a striking difference in the effects of the drug by animal sex which favors
females. This has been part ly explained by baseline differences in olfactory deficit  (83% of males vs
33% of females present olfactory deficit  in the control group) and it  is suggested that androgen
signaling could also play a role. In our own pilot  t rials cited by the authors (EClinicalMedicine
10.1016/j.eclinm.2020.100720), we also observe a difference in the response of anosmia to
ivermect in, but in our case in favors the male part icipants. 

The authors should consider discussing the pharmacokinet ics of ivermect in as a potent ial
contribut ing factor. Ivermect in is a highly lipophilic drug that binds eagerly to fat . Marked differences
in its PK and systemic bioavailability have been described in relat ionship to body composit ion.
Ouedraogo et  al. (CID 2015) described higher ivermect in plasma concentrat ions in female
part icipants in their clinical t rial. A posit ive associat ion between BMI and ivermect in plasma
concentrat ions is also described. Both variables (sex and BMI) are int imately related to adipose
weight (see Gómez-Ambrosi et  al. Diabetes care 2012) 

In contrast  with humans and rats, in the golden Hamster it  is the males that have higher adipose
t issue (PMID: 12396289). Could the effect  of ivermect in on the anosmia caused by SARS-CoV-2 be
related to higher bioavailability of the drug (less fat-t rapping) in individuals with less adipose weight
i.e. male humans or female hamsters? 

2. Drug-drug interact ions 
The Hamsters were anesthet ized with a mixture of Ketamine-Xylazine. 

Both anesthet ic drugs are metabolized through the CYP 3A4 (the main metabolic pathway of
ivermect in). This can increase the systemic exposure of drugs that undergo metabolism through
this pathway, such as ivermect in (PMID 26489361). It  is possible that drug-drug pharmaco-
enhancement may part ly explain the efficacy observed at  much lower doses. 

Also, the part ial inhibit ion of P-gp by both anesthet ics may alter the distribut ion of the drug. This is
important given the compartmental effect  described by the authors. 

There is a typo in olfactory in P5L21 

Referee #2 (Comments on Novelty/Model System for Author): 

The novlety of the approach is good but, is being applied by other researchers for both IVM and
other small molecules that may be repurposed in such a way. The adequacy of the model system is
good, for infect ivity studies of SARS-CoV-2. However, the lack of hamster specific reagents does
hinder experimentat ion/characterisat ion. The lat ter point  is not due to the authors but, an issue in
the field. 



Referee #2 (Remarks for Author): 

The authors present an interest ing study on the immune modulatory, and potent ially clinically
beneficial, effects of ivermect in (IVM) in hamsters as a model of COVID-19 and infect ion with SARA-
CoV-2. Following assessment of viral replicat ion, in accordance with other studies, the authors
show that IVM has no effect  on viral replicat ion in the model and further suggest that  the, potent ial,
benefits of IVM may lie in its immune modulatory abilit ies. To that end, the authors measured a
number of immunological outcomes following infect ion with SARS-CoV-2 with and without IVM
exposure. A number of interest ing results are observed, specifically that  there is a shift  in the IL-6/IL-
10 rat io, marked sex differences are observed in the responses to IVM, and a number of
t ransriptomic profiles changes are apparent. The study is interest ing, and warrants further
invest igat ion. However, prior to acceptance, there are a number of points that need to be
addressed/clarified: 
1. What is the exposure-response relat ionship in the animals? Doses are reported but not
plasma/t issue concentrat ions; this is important for two reasons: 
a. Accumulat ion within part icular t issues, or cells, may be direct ly related to IVM effects 
b. Differences in PK may, part ially, explain discrepancies in RCT results in the literature 
2. What explanat ion for the increased IFNs and CCl5 in males but not females? 
3. No impact on IL-1b but inflammasome act ivat ion is apparent in COVID. Inflammasome act ivity is
linked to severity of COVID-19 and NLRP3 act ivat ion has been reported as a response to viral
proteins and cellular DAMPs. Target ing of inflammasome act ivat ion (Tranilast , pralnacasan) is under
review in RCTs and modulat ion of inflammasome effects (Anakinra) has been shown to have
favourable outcomes. How do the authors explain the lack of effects on these systems here and
how it  may result  in favourable outcomes? Addit ionally, IVM has been shown to be a posit ive
allosteric modulator of P2X7 and has been shown to exacerbate NLRP3 act ivat ion, yet  no effect  on
IL-1b was observed here. 
4. A higher infilt rat ion of Iba1+ monocytes/macrophages was observed in IVM treated animals but
the authors did not conclude their act ivat ion status; as macrophage act ivat ion, in the lungs, is an
important outcome in severity: 
a. why did the authors not further define the profile of macrophages in the t issues, even if only by
transcriptomics? 
b. a7 nAchR act ivat ion increases HLA-DR, CD11b and CD54 expression but decreases CD14
(Siniavin, 2020) - how do the authors link to such findings? 
5. Clinical manifestat ion are linked to immune mediated dysregulat ion of coagulat ion - any
observat ions here? There were some act ions on platelet  pathways; how do the authors link that to
possible beneficial outcomes? 
6. What is the possible connect ion to nAchR here? It  is ment ioned several t imes but not expanded
upon. It  is known that act ivat ing alpha 7 nAchR inhibits NLRP3 through b-arrest in-1 but no effect
on IL-1b was observed. Also, is there a different ial expression profile of this receptor in immune
cells? There are reported sex differences in B2 nACHr expression could that be true for alpha-7
also? 

Referee #3 (Comments on Novelty/Model System for Author): 

Technical quality of the study is rated medium as more in-depth analyses would strenthen the
manuscript  (e.g. more detailed Analysis of cell recruitment to the respiratory t ract). Novelty is high
as treatments for COVID-19 are lacking and the study tests a novel candidate to modulate
inflammation in COVID-19. Medical Impact is rated medium, as it  is not clear how well sta from the
hamster model correlate to the pat ient 's situat ion. Nevertheless the model System is adequate, as



permissive animal models are an important tool for analyses in vivo. 

Referee #3 (Remarks for Author): 

In their manuscript  "Attenuat ion of clinical and immunological outcomes during SARS-CoV-2
infect ion by ivermect in" the authors analyze immune modulatory effects of ivermect in on SARS-
CoV-2 induced disease in an experimental hamster model. Due to the immunological component in
human COVID-19, the lack in effect ive t reatments and the fact  that  ivermect in is an approved drug
in humans, this is certainly an interest ing and potent ially relevant study. Overall, the manuscript  is
well writ ten and the data are clearly presented. Nevertheless, there are some issues to be
addressed to improve clarity and to strengthen the proposed therapeut ic potent ial of ivermect in. 

1) Introduct ion p 3, line 15: 
The authors should provide more detailed informat ion on how ivermect in modulates the host 's
immune system. Also it  should be indicated whether these data are derived from human or animal
studies. It  does not become especially clear why the authors hypothesize an ant i-parasit ic drug to
affect  SARS-CoV-2 infect ion in a hamster model. 

2) p 4, line 24: 
Are the data referred to presented in Fig EV1 or rather Fig 1b? A p-value of 0.018 (Fisher's exact
test) is stated in the text  and a p-value of 0.017 (Mantel Cox) is stated in Fig 1b for the respect ive
comparison. Please clarify how/why these stat ist ic tests were performed. 
"The olfactory performance was also influenced by sex: 83.3% (10/12) of the saline-treated infected
males presented hyposmia/anosmia, against  only 33.3% (4/12) of IVM-treated infected males
(Fisher's exact test  p=0.036). In contrast , no olfactory deficit  was observed in IVM-treated infected
females (0/6), while 33.3% (2/6) of saline t reated infected females presented with
hyposmia/anosmia (Fisher's exact test  p=0.455)." When stat ing that olfactory performance is
influenced by sex, shouldn't  males and females (uninfected as well as infected) be compared
direct ly and a p-value provided? Has olfact ion been stat ist ically analysed between uninfected and
IVM-treated infected females? Looking at  figure EV1b it  seems that even though all IVM-treated
infected females eventually find the food, they take longer to do so than the uninfected controls.
Therefore, is it  feasible to state that no olfactory deficit  was observed in IVM-treated females (p4,
line 26)? 

3) p 7, line 23 
"IVM limits the expression of Ifn-b, Ifn-l and of the IFN st imulated genes Cxcl10 and Mx2 in the 
lung of infected hamsters compared to infected and saline-treated hamsters." 
As data are shown for females and males separately, the authors should indicate whether this
statement refers to one or both sexes (as e.g. IFN-lambda is not affected by IVM in males). 

4) p4, line 24 
"In contrast , saline t reated hamsters presented an increased expression of Ifn-l, Cxcl10 and Mx2
compared to noninfected hamsters." 
Please specify if this refers to males, females or both. For CXCL-10 also IVM treated hamsters st ill
show about 4-fold higher t ranscript ion over uninfected hamsters. This should therefore be rewrit ten
not to imply that expression is reduced to levels observed in uninfected hamsters. 

5) p7, line 26 
Regarding type I and III IFN, their induct ion following infect ion and IVM-mediated effects, the authors
should discuss the differences observed between the nasal turbinates and the lung and what this



possibly implies for the observed overall host  response/inflammation/clinical score. Generally,
t ranscript ion of cytokine genes and effects of IVM in many points differ between the nasal
turbinates and the lung and this should be discussed. 

6) p7, line 34
Please also provide the IL-6/IL-10 rat io for the nasal turbinates. Is this a consistent finding between
the lung and nasal turbinates?

7) p8, line 5
Recruitment of leucocytes to the lungs is an important aspect of the modulat ion of inflammation by
IVM and the data shown are very interest ing. However, more data should be presented to underline
the findings. Only 2 mice were analyzed for the t reatment group. For example, analysis of H&E
stained lungs, different ial cell counts of bronchoalveolar lavage or flow cytometric analyses could
provide more insight into cell recruitment to the lungs in infect ion, effects of IVM and correlat ions to
the cytokine/chemokine profile.

8) Regarding the t iming of t reatment in the model, what is the rat ionale for t reat ing the hamsters
together with the infect ion? Do the authors have any data on a more therapeut ic potent ial of
ivermect in, i.e. its effects when treat ing hamsters e.g. on day 2 or day 4 post infect ion when viral
replicat ion and infect ion have established?

9) The authors should provide more detailed informat ion on the hamster model. Is it  a lethal or
sublethal model and is the virus eventually cleared. Here, hamsters were sacrificed 4 days post
infect ion for analysis. To further assess the therapeut ic potent ial, it  would be important to assess
whether IVM is able to improve survival. Along these lines, it  is part icularly stunning that IVM treated
hamsters (especially females) show such lit t le clinical scores unt il day 4 despite unchanged viral
load in the respiratory t ract . Also therefore, survival studies and a later t ime-point  of analysis would
need to confirm the potent ial of IVM. Possibly, in the later course the benefit  of IVM treatment is
overcome by a cont inuously high viral load.

10) Overall, from the data presented and discussed it  does not become clear how the authors
believe IVM acts upstream of the inflammatory response and how the strong difference between
males and females regarding the effects of IVM treatment are mediated. Possibly the authors could
elaborate more on these points.
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Point‐by‐point answers to the Reviewers 

Referee #1 (Remarks for Author):  

EMM‐2021‐14122  

This review is by Carlos Chaccour. ISGlobal ‐ Barcelona Institute for Global Health. It is my usual 

practice to conduct unblinded reviews.  

This is the report of study evaluating the clinical and immune effects of ivermectin on SARS‐CoV‐2 

infection in golden hamsters. This is very timely work given an ongoing evaluation of ivermectin as a 

potential therapeutic for COVID‐19 by the GHO Clinical Guideline Committee.  

The experimental design of Dias de Melo et al. is very elegant and immunological evaluation is very 

thorough. The manuscript is well written, the methods are appropriate and the results support the 

conclusion.  

I do have some technical comments worthy of discussion. 

We wish to thank Carlos Chaccour for his positive comments.  Below are our tentative answers to the 

different points he raises. 

1. Adipose tissue, sex and ivermectin´s PK

The authors have found a striking difference in the effects of the drug by animal sex which favors

females. This has been partly explained by baseline differences in olfactory deficit (83% of males vs

33% of females present olfactory deficit in the control group) and it is suggested that androgen

8th Jun 20211st Authors' Response to Reviewers
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signaling could also play a role. In our own pilot trials cited by the authors (EClinicalMedicine 

10.1016/j.eclinm.2020.100720), we also observe a difference in the response of anosmia to 

ivermectin, but in our case in favors the male participants.  

The authors should consider discussing the pharmacokinetics of ivermectin as a potential 

contributing factor. Ivermectin is a highly lipophilic drug that binds eagerly to fat. Marked differences 

in its PK and systemic bioavailability have been described in relationship to body composition. 

Ouedraogo et al. (CID 2015) described higher ivermectin plasma concentrations in female 

participants in their clinical trial. A positive association between BMI and ivermectin plasma 

concentrations is also described. Both variables (sex and BMI) are intimately related to adipose 

weight (see Gómez‐Ambrosi et al. Diabetes care 2012)  

In contrast with humans and rats, in the golden Hamster it is the males that have higher adipose 

tissue (PMID: 12396289). Could the effect of ivermectin on the anosmia caused by SARS‐CoV‐2 be 

related to higher bioavailability of the drug (less fat‐trapping) in individuals with less adipose weight 

i.e. male humans or female hamsters?  

 

R.    It  is  known  that  the  action  of  IVM  might  be  affected  by  a  variety  of  factors,  including 

administration  route,  species  and  breed,  age,  body  condition,  including  body  fat.  We  did  not 

evaluated adiposity in our study, therefore, we cannot assess that the male hamsters included in the 

study have more or less adipose tissue than the female hamsters.  

Yet we first established that the body weights of males were similar to those of females.  

Furthermore, we included in the discussion a section about IVM’s pharmacokinetics  in humans and 

hamsters as suggested by Carlos Chaccour, together with simulations regarding the lung exposure to 

the drug (page 11,  lines 1‐12). We could not  include measures of  IVM concentration  in the plasma 

and lung of the hamsters specimens used in this study due to biosafety constraints. Indeed, we could 

not safely transfer the samples from the BSL‐3 facilities to an external HPLC platform.  

 

2. Drug‐drug interactions  

The Hamsters were anesthetized with a mixture of Ketamine‐Xylazine.  

Both anesthetic drugs are metabolized through the CYP 3A4 (the main metabolic pathway of 

ivermectin). This can increase the systemic exposure of drugs that undergo metabolism through this 

pathway, such as ivermectin (PMID 26489361). It is possible that drug‐drug pharmaco‐enhancement 

may partly explain the efficacy observed at much lower doses.  

Also, the partial inhibition of P‐gp by both anesthetics may alter the distribution of the drug. This is 

important given the compartmental effect described by the authors.  

 

R.  Ketamine‐Xylazine  anesthesia  is  a  necessary  component  of  animal  experimentation.  Its  use  is 

important to ensure animals’ welfare and operator’s safety. All animal manipulations in the context 

of COVID‐19 research were performed with the use of these anesthetics (Chan et al., 2020, Imai et 

al.,  2020,  Kaptein  et  al.,  2020,  Sia  et  al.,  2020).  Drug‐drug  interactions might  be  a  concern when 

testing the effects of a therapeutic protocol, but these questions need to be addressed by additional 

specific studies. 

 

There is a typo in olfactory in P5L21  

 

R. We corrected this in the new version. 
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‐‐‐ 

 

Referee #2 (Comments on Novelty/Model System for Author):  

 

The novlety of the approach is good but, is being applied by other researchers for both IVM and 

other small molecules that may be repurposed in such a way. The adequacy of the model system is 

good, for infectivity studies of SARS‐CoV‐2. However, the lack of hamster specific reagents does 

hinder experimentation/characterisation. The latter point is not due to the authors but, an issue in 

the field.  

 

Referee #2 (Remarks for Author):  

 

The authors present an interesting study on the immune modulatory, and potentially clinically 

beneficial, effects of ivermectin (IVM) in hamsters as a model of COVID‐19 and infection with SARA‐

CoV‐2. Following assessment of viral replication, in accordance with other studies, the authors show 

that IVM has no effect on viral replication in the model and further suggest that the, potential, 

benefits of IVM may lie in its immune modulatory abilities. To that end, the authors measured a 

number of immunological outcomes following infection with SARS‐CoV‐2 with and without IVM 

exposure. A number of interesting results are observed, specifically that there is a shift in the IL‐6/IL‐

10 ratio, marked sex differences are observed in the responses to IVM, and a number of 

transriptomic profiles changes are apparent. The study is interesting, and warrants further 

investigation. However, prior to acceptance, there are a number of points that need to be 

addressed/clarified:  

 

1. What is the exposure‐response relationship in the animals? Doses are reported but not 

plasma/tissue concentrations; this is important for two reasons:  

a. Accumulation within particular tissues, or cells, may be directly related to IVM effects  

b. Differences in PK may, partially, explain discrepancies in RCT results in the literature  

 

R. We thank the reviewer for this  important comment. Our serum, plasma and  lung samples came 

from  SARS‐CoV‐2‐infected  animals  and  were  manipulated  in  dedicated  BSL‐3  facilities.  Due  to 

biosafety  reasons,  we  are  not  able  to  provide  these measurements  in  this  revised  version  of  the 

manuscript. Indeed, we could not safely transfer the samples from the BSL‐3 facilities to an external 

HPLC  platform.  Considering  the  exceptional  pandemics’  situation  and  the  long  time  needed  to 

possibly be able  to perform  these analyses, we decided  to  submit  the  revised manuscript without 

these data, even if we keep working to find a solution to this issue.  

Nevertheless, we have tried to provide this information to the readers from already published data, 

The pharmacokinetics of IVM is well documented in humans (González Canga et al., 2008, Guzzo et 

al., 2002) and in several animal species, including hamsters (González Canga et al., 2009, Lifschitz et 

al.,  2000)  and we  added  in  the discussion  a  section about  IVM’s  pharmacokinetics  in  humans and 

hamsters, including simulations about the lung exposure to IVM (page 11, lines 1‐12).  

 

2. What explanation for the increased IFNs and CCl5 in males but not females?  
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R. The sex‐dependence of the immune response is an important issue that deserves specific studies, 

which are far beyond the aim of this paper.  We do not have, at this stage, a definitive answer to this 

reviewer’s  question,  but  some  hypotheses  might  be  suggested  based  on  the  observed  sex 

dependence of the immune response in other systems. It is known that, using other viruses such as 

influenza A virus in a model of respiratory infection, female mice exhibit a more severe inflammatory 

status  than  males,  despite  similar  viral  loads  (vom  Steeg  &  Klein,  2019).  In  the  same  line,  sex‐

dependent outcomes are observed in COVID‐19 patients (Scully et al., 2020, Takahashi et al., 2020) 

and  type  I  IFNs  responses  as well  as  B‐cell  and  T‐cell  functions  have  been  reported  as  being  sex‐

dependent (Bunders & Altfeld, 2020). The effects of IVM may also be potentiated by female steroids, 

such as 17β‐Estradiol, by modulation of cell receptors such as nAChRs and GlyRs (Cerdan et al., 2020, 

Cross et al., 2017). These possibilities  are  mentioned in page 10 (lines 14‐18) of the revised version. 

 

3. No impact on IL‐1b but inflammasome activation is apparent in COVID. Inflammasome activity is 

linked to severity of COVID‐19 and NLRP3 activation has been reported as a response to viral proteins 

and cellular DAMPs. Targeting of inflammasome activation (Tranilast, pralnacasan) is under review in 

RCTs and modulation of inflammasome effects (Anakinra) has been shown to have favourable 

outcomes. How do the authors explain the lack of effects on these systems here and how it may 

result in favourable outcomes? Additionally, IVM has been shown to be a positive allosteric 

modulator of P2X7 and has been shown to exacerbate NLRP3 activation, yet no effect on IL‐1b was 

observed here. 

 

R. Modulation of  inflammasome activity  is  a  rising  field of  research  in  anti‐COVID‐19  therapeutics. 

Therefore, we thank the reviewer for this excellent comment that will help the reader to understand 

more about the potential explanations regarding the role of IVM in SARS‐CoV‐2‐infected hamsters. 

Our RNAseq analyses did not reveal differences in the gene expression of NLRP3 between the lungs 

of  infected  and  non‐infected  animals.  Further,  no  differences  were  found  between  the  lungs  of 

infected animals,  treated or not by  IVM (Dataset EV1, new Fig 3d). The same holds  for  IL‐1  IL‐1 
does not seem  to play an extensive role in the immune response in the lungs, neither in IVM‐treated 

nor in saline‐treated hamsters (Fig EV5b). Therefore, our data are consistent with the view that there 

is no effect of IVM on the NLRP3/IL‐1 pathway. However, the new Fig 3d illustrates that many other 

genes involved in macrophages polarization (M1 x M2) are modulated by the IVM treatment. This is 

now discussed in page 8 (lines 28‐34) and page 9 (lines 1‐14).  

P2X7 is known to be involved in the release of proinflammatory chemokines CCL‐3, CCL‐4 and CCL‐5 

and in the recruitment of CD8 T lymphocytes, however none of these effects are reported here (see 

Fig EV5b and not shown for CD8 T lymphocytes). P2X7 purinergic receptors modulated by IVM might 

plausibly be present in hamsters, but according to our preliminary non‐published observations, the 

main anti‐COVID‐19 action of IVM is mediated by the nicotinic receptor.  Studies are currently being 

performed to further refine this pharmacological specificity (see point 6 below).  

 

4. A higher infiltration of Iba1+ monocytes/macrophages was observed in IVM treated animals but 

the authors did not conclude their activation status; as macrophage activation, in the lungs, is an 

important outcome in severity:  

a. why did the authors not further define the profile of macrophages in the tissues, even if only by 

transcriptomics?  
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R. Following the important suggestions made by the reviewer, we recovered data from the RNAseq 

to identify genes related to M1/M2 polarization (Fig 3d) and we also analyzed the M2 macrophages 

subpopulation (Arg1+) in the lungs using IF (Fig 3c). To increase the significance of these analyses, we 

increased the number of samples, including both sexes. Histopathological data obtained from these 

lungs were added as well, in order to better characterize the lung pathology (Fig 3a). All these data 

are  commented  in  the  results  and  discussion  sections  (pages  8‐9).  The new Fig  3  now extensively 

recapitulates all  these  findings and should provide a clear  identification of macrophages present  in 

the  lung  of  SARS‐CoV‐2‐infected  hamsters  and  the  characterization  of  their  transcriptomic  profile 

related to polarization. 

 

b. a7 nAChR activation increases HLA‐DR, CD11b and CD54 expression but decreases CD14 (Siniavin, 

2020) ‐ how do the authors link to such findings?  

 

R. We did not find changes in the gene expression of CD14 in the lungs of IVM‐treated hamsters in 

comparison  with  non‐treated  ones  (males  and  females).  CD54  (Icam1,  ENSMAUG00000006369)  is 

slightly  upregulated  in  both  sexes  and  CD11b  is  slightly  upregulated  in  females 

(ENSMAUG00000014830) (Dataset EV1). Based on our data, we cannot state that these markers are 

involved in the IVM’s action in SARS‐CoV‐2‐infected hamsters. Finally, HLA‐DR is not described in the 

golden hamster. Nevertheless, by means of RNAseq and IF (new Fig 3), we raise the possibility that 

IVM  modulates  the  expression  of  other  surface  markers  in  macrophages,  including  Arg1,  an 

important M2‐polarization marker. This is now discussed on page 9 (lines 7‐14). 

 

5. Clinical manifestation are linked to immune mediated dysregulation of coagulation ‐ any 

observations here? There were some actions on platelet pathways; how do the authors link that to 

possible beneficial outcomes?  

 

R. The IVM treatment acts on the coagulation pathway (Fig 2a), controlling the activation of platelets. 

As we stated in page 6 (lines 20‐21), this action would be beneficial to prevent thrombosis, which has 

been  considered  the most  important  cause of death  in COVID‐19 patients  (Chen & Pan,  2021). By 

histopathology  (new Fig 3b) we could observe  that circulatory alterations  (thrombosis,  congestion, 

microhemorrhages) were  less  intense  in  the  lungs of  IVM‐treated animals  in  comparison  to saline‐

treated ones. This is now presented and discussed on page 8 (lines 19‐27). 

  

6. What is the possible connection to nAChR here? It is mentioned several times but not expanded 

upon. It is known that activating alpha 7 nAChR inhibits NLRP3 through b‐arrestin‐1 but no effect on 

IL‐1b was observed. Also, is there a differential expression profile of this receptor in immune cells? 

There are reported sex differences in B2 nAChR expression could that be true for alpha‐7 also?  

 

R. As we stated before  (point #3), our RNAseq analyses did not  show significant differences  in  the 

gene  expression  of  NLRP3  nor  IL‐1  in  the  lungs  of  IVM‐treated  hamsters.  Conversely,  we  could 

identify  that  the  “Cholinergic  synapse”  pathway  was  impacted  in  IVM‐treated  animals  (Fig  2a). 

Indeed,  we  found  that  IVM‐treated  hamsters  (males  and  females)  presented  a  decreased  gene 

expression of the CHRNB4, but, in our hands, IVM treatment did not affect CHRNA7 gene expression. 

Nevertheless,  the  increase or  reduction of receptors gene expression may not be directly  linked to 

their actions. In LPS‐induced acute lung injury, it has been reported that a selective α7nAChR agonist 
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(namely  PNU‐282987)  reduced  the  concentrations  of  IL‐6,  TNF‐α,  and  IL‐1β  (Zhao  et  al.,  2019), 

similarly to what we observed in the lungs of SARS‐CoV‐2‐infected and IVM‐treated hamsters (Fig 2b, 

Fig EV5b). 

Of note, we have engaged new  experiments to try to further understand the mechanisms of action 

of  IVM  at  the molecular  level,  especially  those  related  to  the  α7nAChR.  In  ongoing  experiments, 

SARS‐CoV‐2‐infected  and  IVM‐treated  hamsters  were  injected  with  known  antagonists  of  the 

nAChRs, and remarkably, these compounds blocked the beneficial effects of IVM treatment (clinical 

score  and olfaction  performance). Of  course,  these  preliminary  observations will  be  completed by 

using a variety of nAChRs orthosteric and allosteric  ligands and by analyzing the  immune profile  in 

addition to the clinical aspects. These data will be presented in a separate publication. 

    

‐‐‐ 

 

Referee #3 (Comments on Novelty/Model System for Author):  

 

Technical quality of the study is rated medium as more in‐depth analyses would strenthen the 

manuscript (e.g. more detailed Analysis of cell recruitment to the respiratory tract). Novelty is high as 

treatments for COVID‐19 are lacking and the study tests a novel candidate to modulate inflammation 

in COVID‐19. Medical Impact is rated medium, as it is not clear how well sta from the hamster model 

correlate to the patient's situation. Nevertheless, the model System is adequate, as permissive 

animal models are an important tool for analyses in vivo.  

 

R. We thank the reviewer for his comments and would like to underline that a more detailed analysis 

of cell recruitment and in particular of myeloid cells is now provided in this revised version. 

 

Referee #3 (Remarks for Author):  

 

In their manuscript "Attenuation of clinical and immunological outcomes during SARS‐CoV‐2 

infection by ivermectin" the authors analyze immune modulatory effects of ivermectin on SARS‐CoV‐

2 induced disease in an experimental hamster model. Due to the immunological component in 

human COVID‐19, the lack in effective treatments and the fact that ivermectin is an approved drug in 

humans, this is certainly an interesting and potentially relevant study. Overall, the manuscript is well 

written and the data are clearly presented. Nevertheless, there are some issues to be addressed to 

improve clarity and to strengthen the proposed therapeutic potential of ivermectin.  

 

1) Introduction p 3, line 15:  

The authors should provide more detailed information on how ivermectin modulates the host's 

immune system. Also it should be indicated whether these data are derived from human or animal 

studies. It does not become especially clear why the authors hypothesize an anti‐parasitic drug to 

affect SARS‐CoV‐2 infection in a hamster model. 

  

R.  We  added  more  information  about  ivermectin’s  immunomodulation  in  page  3  (lines  13‐16), 

nevertheless,  its exact mechanism of action  is not yet  fully understood. Of note, the available data 

were provided from both human and animals studies.  
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The  first data about  the potential  activity of  ivermectin on  SARS‐CoV‐2 was published by Caly  and 

colleagues in 2020 (Caly et al., 2020), and it is also based on the ivermectin’s potential wide range of 

action, specially over a multitude of viruses, including Dengue virus, Newcastle virus, Avian influenza 

A virus, HIV‐1, including other coronaviruses (Arévalo et al., 2021, Heidary & Gharebaghi, 2020, Laing 

et al., 2017). These data are now also added in page 3 (lines 18‐22). 

 

2) p 4, line 24:  

Are the data referred to presented in Fig EV1 or rather Fig 1b? A p‐value of 0.018 (Fisher's exact test) 

is stated in the text and a p‐value of 0.017 (Mantel Cox) is stated in Fig 1b for the respective 

comparison. Please clarify how/why these statistic tests were performed.  

"The olfactory performance was also influenced by sex: 83.3% (10/12) of the saline‐treated infected 

males presented hyposmia/anosmia, against only 33.3% (4/12) of IVM‐treated infected males 

(Fisher's exact test p=0.036). In contrast, no olfactory deficit was observed in IVM‐treated infected 

females (0/6), while 33.3% (2/6) of saline treated infected females presented with 

hyposmia/anosmia (Fisher's exact test p=0.455)." When stating that olfactory performance is 

influenced by sex, shouldn't males and females (uninfected as well as infected) be compared directly 

and a p‐value provided? Has olfaction been statistically analysed between uninfected and IVM‐

treated infected females? Looking at figure EV1b it seems that even though all IVM‐treated infected 

females eventually find the food, they take longer to do so than the uninfected controls. Therefore, is 

it feasible to state that no olfactory deficit was observed in IVM‐treated females (p4, line 26)?  

 

R. The data concerning olfactory tests were analyzed using both Mantel‐Cox (to compare curves) and 

Fisher’s  test  (to  compare  the  final  percentages).  To  clarify  these  comparisons,  we  added  a  new 

contingency graph dedicated to Fisher’s test, where we have stated all the p‐values (Fig EV1d). 

 

3) p 7, line 23  

"IVM limits the expression of Ifn‐b, Ifn‐l and of the IFN stimulated genes Cxcl10 and Mx2 in the  

lung of infected hamsters compared to infected and saline‐treated hamsters."  

As data are shown for females and males separately, the authors should indicate whether this 

statement refers to one or both sexes (as e.g. IFN‐lambda is not affected by IVM in males).  

 

R. We now indicate the differences by sex in page 7 (lines 23‐26). 

 

4) p4, line 24  

"In contrast, saline treated hamsters presented an increased expression of Ifn‐l, Cxcl10 and Mx2 

compared to noninfected hamsters."  

Please specify if this refers to males, females or both. For CXCL‐10 also IVM treated hamsters still 

show about 4‐fold higher transcription over uninfected hamsters. This should therefore be rewritten 

not to imply that expression is reduced to levels observed in uninfected hamsters.  

 

R. We  now  indicate  the  differences  by  sex  in  page  7  (lines  23‐26).  To  be  stricter  regarding  gene 

expression, we rewrote the sentence by removing CXCL10. 

 

5) p7, line 26  

Regarding type I and III IFN, their induction following infection and IVM‐mediated effects, the 
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authors should discuss the differences observed between the nasal turbinates and the lung and what 

this possibly implies for the observed overall host response/inflammation/clinical score. Generally, 

transcription of cytokine genes and effects of IVM in many points differ between the nasal turbinates 

and the lung and this should be discussed.  

 

R. Following the reviewer’s suggestions, we discussed the differences between nasal turbinates and 

lungs regarding type I and III IFNs in page 7 (lines 29‐33) and page 8 (lines 1‐2). 

 

6) p7, line 34  

Please also provide the IL‐6/IL‐10 ratio for the nasal turbinates. Is this a consistent finding between 

the lung and nasal turbinates?  

 

R. We have now added the IL‐6/IL‐10 ratio for the nasal turbinates in Fig 1f. There was no difference 

for  IL‐6/IL‐10  ratio  in  the  nasal  turbinates  in  IVM‐treated  or  saline‐treated  animals. We  have  also 

included this information in page 8 (line 11). 

 

7) p8, line 5  

Recruitment of leucocytes to the lungs is an important aspect of the modulation of inflammation by 

IVM and the data shown are very interesting. However, more data should be presented to underline 

the findings. Only 2 mice were analyzed for the treatment group. For example, analysis of H&E 

stained lungs, differential cell counts of bronchoalveolar lavage or flow cytometric analyses could 

provide more insight into cell recruitment to the lungs in infection, effects of IVM and correlations to 

the cytokine/chemokine profile.  

 

R. During the setting up of the hamster model, we tried indeed to perform bronchoalveolar lavage, 

but due to several technical issues (manipulation in BSL‐3 isolators) and anatomical issues (small size 

of animals and organs) we abandoned this idea.   

Since the  initial submission, we repeated these experiments to add more animals, and the present 

version of the manuscript contains 6 animals (Fig 3c). In this version we also added histopathological 

data obtained from these lungs, in order to better characterize the lung pathology (Fig 3a). To further 

characterize  these myeloid  cells, we  recovered data  from  the RNAseq  to  identify  genes  related  to 

M1/M2  polarization  (Fig  3d)  and we  also  analyzed  the M2  polarization  of  these  cells  in  the  lungs 

using  IF and the Arg1 antibody (Fig 3b). These data are now presented and discussed  in pages 8‐9. 

This  new  Fig3  now  extensively  recapitulates  all  these  findings  and  should  provide  a  clear 

identification  of  macrophages  present  in  the  lung  of  SARS‐CoV‐2‐infected  hamsters  and  the 

characterization of their transcriptomic profile related to polarization 

 

8) Regarding the timing of treatment in the model, what is the rationale for treating the hamsters 

together with the infection? Do the authors have any data on a more therapeutic potential of 

ivermectin, i.e. its effects when treating hamsters e.g. on day 2 or day 4 post infection when viral 

replication and infection have established?  

 

R. When  studying  the  therapeutic  effects  of  a  molecule  in  vivo,  the  first  approach  is  indeed  the 

administration of the treatment at the time of infection, or even before the infection. This approach 

was indeed used by others in the context of COVID‐19 (Driouich et al., 2021, Kaptein et al., 2020). 
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The golden hamster is now a well‐established model for moderate‐to‐severe COVID‐19. The infected 

hamsters do not die from the infection, and the infectious process will be solved after 5‐6 days post‐

infection, when animals start to gain weight and viral titers start to decrease (Chan et al., 2020, de 

Melo  et  al.,  2021,  Sia  et  al.,  2020).  After  2‐  or  4‐days  post‐infection  it  would  not  be  possible  to 

distinguish  from the effects of a  therapy or  the effects of  the self‐healing process observed  in  this 

model.  As  a matter  of  fact, we have  chosen    the  time‐point  of  4  days  post‐infection  to  euthanize 

animals to perform all the analyses included in this manuscript based on the published data and on 

our own observations (see Figure A below, obtained from one of our recently published manuscripts: 

(de Melo et al., 2021). 

 

 
Figure A. Clinical and molecular characteristics of experimental infection with SARS‐CoV‐2 in golden 

hamsters. 

 

We can consider that the infectious process in golden hamsters is established far before 1‐day post‐

infection,  when  the  viral  titers  has  already  increased  by  5‐logs  (see  Figure  B  below,  personal 

communication).  In  hamsters,  the  SARS‐CoV‐2  infectious  process  does  not  develop  at  the  same 

speed as  that observed  in humans,  it  is much  faster;  therefore,  as  commonly performed  in  in vivo 

drug testing, we need to perform an early treatment to have enough time to observe some effects. 

 

 
Figure B. Viral titers in the nasal turbinates and in the lungs of SARS‐CoV‐2‐infected golden hamsters. 

 

 

9) The authors should provide more detailed information on the hamster model. Is it a lethal or 

sublethal model and is the virus eventually cleared. Here, hamsters were sacrificed 4 days post 
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infection for analysis. To further assess the therapeutic potential, it would be important to assess 

whether IVM is able to improve survival. Along these lines, it is particularly stunning that IVM treated 

hamsters (especially females) show such little clinical scores until day 4 despite unchanged viral load 

in the respiratory tract. Also therefore, survival studies and a later time‐point of analysis would need 

to confirm the potential of IVM. Possibly, in the later course the benefit of IVM treatment is 

overcome by a continuously high viral load.  

 

R. As we  stated  in  the answer  to  the point 8,  the  infected hamsters do not die  from  the  infection 

(Chan et al., 2020, de Melo et al., 2021, Sia et al., 2020), regardless of the infectious dose (de Melo et 

al., 2021; Imai et al., 2020), therefore this model cannot be used to analyze survival rates. However, 

this model  is  robust enough  to analyze  therapeutic or even prophylactic  approaches based on  the 

clinical presentation of the animals. We added more information about the hamster model in page 4 

(lines 14‐19) and  the  reader may  find more  information about  the model  in   de Melo et al.  (2021) 

which recently came out.   

 

10) Overall, from the data presented and discussed it does not become clear how the authors believe 

IVM acts upstream of the inflammatory response and how the strong difference between males and 

females regarding the effects of IVM treatment are mediated. Possibly the authors could elaborate 

more on these points. 

 

R. We  have  further  reinforced  and  documented  our  comments  and  discussion  regarding  the  sex‐

related  effects  that  we  observed  in  hamsters  throughout  the  text,  and  in  page  10  (lines  11‐18). 

Regarding  upstream  action  of  IVM,  IVM  might  possibly  modulate  several  upstream  targets  or 

biomarkers  of  inflammation  (e.g.  cytokine  gene  expression,  cell  activation),  rather  than    the 

inhibition  of  a  single  downstream  mediator  which  would  have  more  limited  effects.  We  further 

documented our hypothesis in page 10 (lines 1‐8). 

 

‐‐‐ 
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18th Jun 2021 

Dear Dr. Bourhy, 

Thank you for the submission of your manuscript  to EMBO Molecular Medicine. I am pleased to
inform you that we will be able to accept your manuscript  pending the following final amendments: 

1) Please address all referee #3 comments.
2) Figures: We not iced that Figure 1B and EV Figures 1B and 2C contain data from the same
experiment (CoV_saline and CoV_ivermect in). Please clarify in the figure legends.
3) Tables: Please move Table 1 and 2 to the Appendix and rename them to "Appendix Table S1
and S2". Also, correct  their callouts in the text  accordingly.
4) In the main manuscript  file, please do the following:
- Correct /answer the track changes suggested by our data editors by working from the at tached
document.
- Remove red font colour.
- Make sure that all special characters display well.
- In M&M, a stat ist ical paragraph should reflect  all informat ion that you have filled in the Authors
Checklist , especially regarding randomizat ion, blinding, replicat ion.
- In addit ion to the accession number please provide URL for RNA Seq data. Using accession
number E‐MTAB‐10128 we could not access the data. Please be aware that all datasets should be
made freely available upon acceptance, without restrict ion. Use the following format to report  the
accession number of your data: 

The datasets produced in this study are available in the following databases: 
[data type]: [full name of the resource] [accession number/ident ifier] ([doi or URL or
ident ifiers.org/DATABASE:ACCESSION]) 

Please check "Author Guidelines" for more informat ion.
ht tps://www.embopress.org/page/journal/17574684/authorguide#availabilityofpublishedmaterial 
5) Appendix: Please add table of content and figure legend.
6) Synopsis: Please check your synopsis text  and image, revise them if necessary and submit  their
final versions with your revised manuscript . Please be aware that in the proof stage minor
correct ions only are allowed (e.g., typos).
7) For more informat ion: There is space at  the end of each art icle to list  relevant web links for
further consultat ion by our readers. Could you ident ify some relevant ones and provide such
informat ion as well? Some examples are pat ient  associat ions, relevant databases,
OMIM/proteins/genes links, author's websites, etc...
8) Source data: We encourage you to include the source data for figure panels that show essent ial
data. Numerical data should be provided as individual .xls or .csv files (including a tab describing the
data). For blots or microscopy, uncropped images should be submit ted (using a zip archive if
mult iple images need to be supplied for one panel). Please check "Author Guidelines" for more
informat ion. ht tps://www.embopress.org/page/journal/17574684/authorguide#sourcedata
9) Press release: Please inform us as soon as possible and latest  at  the t ime of submission of the
revised manuscript  if you plan a press release for your art icle so that our publisher could coordinate
publicat ion accordingly.
10) Please be aware that we use a unique publishing workflow for COVID-19 papers: a non-typeset
PDF of the accepted manuscript  is published as "Just Accepted" on our website. With respect to a



possible press release, we have the opt ion to not post the "Just Accepted" version if you prefer to
wait  with the press release for the typeset version. Please let  us know whether you agree to
publicat ion of a "Just accepted" version or you prefer to wait  for the typeset version. 
11) As part  of the EMBO Publicat ions transparent editorial process init iat ive (see our Editorial at
ht tp://embomolmed.embopress.org/content/2/9/329), EMBO Molecular Medicine will publish online a
Review Process File (RPF) to accompany accepted manuscripts. This file will be published in
conjunct ion with your paper and will include the anonymous referee reports, your point-by-point
response and all pert inent correspondence relat ing to the manuscript . Let  us know whether you
agree with the publicat ion of the RPF and as here, if you want to remove or not any figures from it
prior to publicat ion. Please note that the Authors checklist  will be published at  the end of the RPF.
12) Please provide a point-by-point  let ter INCLUDING my comments as well as the reviewer's
reports and your detailed responses (as Word file).

I look forward to reading a new revised version of your manuscript  as soon as possible. 

Yours sincerely, 

Zeljko Durdevic 

***** Reviewer's comments ***** 

Referee #1 (Comments on Novelty/Model System for Author): 

This is a very relevant topic as the quest ion of ivermect in and COVID-19 has already led to policy in 
several count ries around the world. This informat ion will support the conduct ion of appropriately 
powered clinical t rials. 

Referee #1 (Remarks for Author): 

I am sat isfied with the way my comments have been answered/addressed. 

Referee #2 (Comments on Novelty/Model System for Author): 



Already commented on first  review 

Referee #2 (Remarks for Author): 

I am sat isfied with the authors response to the review, and the changes to the manuscript  

Referee #3 (Remarks for Author): 

The authors have sufficient ly adressed the comments made on their originally submit ted version of
the manuscript . New data have been addedd and a number of points have been clarified and
discussed. Through the revision, the manuscript  has improved substant ially. 

There are a few minor issues left  that  in my opinion need to be adressed: 

1) p4, line 10 - "...exhibited the strongest clinical outcome." Is this correct? It  implies t reated females
exhibited the most signs of disease. 

2) p8, line 10 - for significant overexpression of IL-10 authors refer to Fig 2b and EV4. It  is not clear,
where in EV4 this informat ion is provided. 

3) p9, lines 11 to 14 - check whether Fig 3c is correct /correct ly labelled as descript ion in the text
does not seem to fully fit . E.g. is the left  panel Iba1+Arg-? In the right  panel (labelled Iba1+Arg2+) it
is hard to make out an increase in Iba1+Arg1+ cells in the lungs of t reated males, while this is
depicted in the middle panel (labelled Arg1+).



***** Reviewer's comments *****  

Referee #1 (Comments on Novelty/Model System for Author): 

This is a very relevant topic as the question of ivermectin and COVID-19 has already led to 
policy in several countries around the world. This information will support the conduction of 
appropriately powered clinical trials.  

Referee #1 (Remarks for Author):  

I am satisfied with the way my comments have been answered/addressed. 
R. We wish to thank the reviewer for this positive comment.

--- 

Referee #2 (Comments on Novelty/Model System for Author):  

Already commented on first review  

Referee #2 (Remarks for Author):  

I am satisfied with the authors response to the review, and the changes to the manuscript R. 
We wish to thank the reviewer for this positive comment.

--- 

22nd Jun 20212nd Authors' Response to Reviewers

The authors performed the requested editorial changes.

https://urldefense.com/v3/__https:/bit.ly/EMBOPressFigurePreparationGuideline__;!!JFdNOqOXpB6UZW0!8b9AbERMP2vP5gJl6v8EpIWLSUER4WnqaBA-RMjlygkXWIhWfZQMedMJV4j_1afvv3sOnw$


Referee #3 (Remarks for Author): 

The authors have sufficiently adressed the comments made on their originally submitted 
version of the manuscript. New data have been addedd and a number of points have been 
clarified and discussed. Through the revision, the manuscript has improved substantially.  
R. We thank the reviewer for these positive comments. Below are our answers to the different points
raised.

There are a few minor issues left that in my opinion need to be adressed: 

1) p4, line 10 - "...exhibited the strongest clinical outcome." Is this correct? It implies treated
females exhibited the most signs of disease.
R. Actually females exhibited better clinical outcomes. We corrected this sentence.

2) p8, line 10 - for significant overexpression of IL-10 authors refer to Fig 2b and EV4. It is not
clear, where in EV4 this information is provided.
R. IL-10 expression is showed only in Fig 2b. We deleted the caption for Fig EV4.

3) p9, lines 11 to 14 - check whether Fig 3c is correct/correctly labelled as description in the
text does not seem to fully fit. E.g. is the left panel Iba1+Arg-? In the right panel (labelled
Iba1+Arg2+) it is hard to make out an increase in Iba1+Arg1+ cells in the lungs of treated
males, while this is depicted in the middle panel (labelled Arg1+).
R. We agreed that this point was a bit confusing. We rewrote this sentence (page 9, line 9) to
better reflect the data in Figure 3c: ”an increase of both Iba1+ and Arg1+ cells in the lungs of
SARS-CoV-2-infected male hamsters (Fig 3c)”.



23rd Jun 20212nd Revision - Editorial Decision

We are pleased to inform you that your manuscript is accepted for publicat ion and is now being 
sent to our publisher to be included in the next available issue of EMBO Molecular Medicine. 
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APAFIS#25326-2020050617114340 v2) before experiments were initiated. 

Yes

G- Dual use research of concern

F- Data Accessibility

not applicable

not applicable

not applicable

Vero-E6 cells ATCC (provided by S. van der Werf, Institut Pasteur, Paris)

rat anti-Ly6G (551459, BD-Biosciences)
chicken anti-Iba1 (234006, Synaptic Systems)
rabbit anti-Arg1 (PA5-29645, Invitrogen)
rabbit anti-SARS-CoV nucleoprotein (provided by Dr N. Escriou, Institut Pasteur, Paris)
goat anti-rat Alexa Fluor 546 (A11081, Invitrogen)
goat anti-rabbit Alexa Fluor 488 (A11034, Invitrogen)
goat anti-chicken Alexa Fluor 647 (A32933, Invitrogen)
Validation: Publication using these antibodies in hamsters: 
https://doi.org/10.1101/2020.11.18.388819 

D- Animal Models

E- Human Subjects
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